We present measures for 10 pairs in the constellation of Scorpius using a C14 telescope, Lucky Imaging, and the Reduc software. The separations of Alpha Centauri AB, as determined from the orbital elements of Pourbaix and Boffin (2016) , were used as an image scale and position angle calibrator.
1.
Introduction.
We present here the first of two papers that explore the limits of uncertainty that can be obtained using different techniques to determine standard separation, , and position angles, PA. In this first paper we undertake lucky imaging measures of 10 pairs in the constellation of Scorpio (Sco) using drifting images, with the image scale and the camera's position angle calibrated against an accurate ephemeris of Alpha Centauri. A second paper (James et al., in preparation for journal submission) will undertake a more detailed analysis of the accuracy of different applications of lucky imaging.
We present measures for these pairs and look for uncertainty through comparison with extrapolations of historic data and micro-arcsecond positions from the GAIA DR2 database. One method to determine if a double star system is a visual double or a binary system is to observe the relative motions between the primary and secondary component over a period of time. The trend can be used to differentiate between orbital or rectilinear motion. Section 5 looks at the motion of the pairs over time utilising the historic record, and Section 6 determines the rectilinear motion of the pairs following the method of Letchford, White and Ernest (2018a) . For Table 1 lists the stars that make up the 10 pairs. Here the WDS designation is given along with the WDS Discovery Code (Disc). Both are adapted from the Washington Double Star Catalog (WDS, Mason, et al., 2001) . The names/identifiers of the stars are from the SIMBAD database (Wegner, et al., 2000) , the ASCC database (Kharchenko, 2001) and from the DR2 release (Brown, et al., 2018) of the GAIA astrometric mission (Prusti, et al., 2016) . 
3.
Observations.
Equipment and Software.
The telescope used to make the observations is the Bill Webster 14-inch Celestron SchmidtCassegrain Telescope located at the Kirby Observatory of the University of New England, Armidale, NSW, Australia. The telescope is equipped with a flip-mirror box which allows the user to switch between the camera and eyepiece. The camera, a ZWO ASI120MM-S USB 3.0 Monochrome CMOS, was used for its image resolution, temporal resolution, and the USB 3.0 download bandwidth. A red (approximating R) filter was used to reduce the effects of atmospheric distortion on the video captures. The video capture software used was SharpCaps version 3.1, and the analysis software used was Reduc version 5.36, provided by Florent Losse. Reduc allows for the rapid disposal of data (capture frames) resulting in a text file output of the X and Y coordinates of the primary and secondary star on the chip, which were used in Microsoft Excel 2016 to calculate the PA and  along with their formal uncertainties.
The

Lucky Imaging
The lucky imaging technique is utilized which is akin to high speed photography; high framerate and low exposure times. When used on astronomical objects, like double stars, the short exposure time (<100ms) has the effect of freezing the perturbed atmosphere, reducing image distortion and increasing the chance of obtaining higher quality images (Fried, 1977) .
Video Drift Method.
Observations were made using the video drift method outlined by Nugent (2011) . In brief, the pair is placed to the east side just outside of the video frame, the telescope's drive motor is deactivated and the video capture is then started, which results in the image of the pair drifting across the field of view of the camera (and out of the west side of the camera frame).
Calibration -Image Scale and Position Angle.
Calibration of the image scale and position angle was undertaken using the prominent southern hemisphere pair Alpha Centauri ( Cen).  Cen has been extensively studied (see White, Letchford and Ernest, 2018) over ~260 years and ~3.5 orbits. Precise orbital elements by Pourbaix and Boffin (2016) are available in the WDS Sixth Orbit Catalog, and these give precise predicted  and PA for the pair at the epoch of observation. Concurrent observations of  Cen underpin the calibration of the Sco measures presented here, and uncertainties in the calibration observations of  Cen contribute to the uncertainties in the measures presented below.
Analysis.
For each Sco pair, 5 AVI format video captures were taken using the video drift method. Each video capture was then reduced using all frames with  or PA outside of 2 standard deviation from the mean being removed. Further reduction was undertaken using Excel. Further details of the data analysis are given by James (2019) .
Image Scale for the Calibration of Separation.
To determine the  for the 10 Sco pairs, a pixel per arcsecond ratio was calculated for the C14/ZWO ASI120MM-S telescope/camera based on the observations of  Cen; the image scale, / , was determined to be 5.664 pixels per arcsecond. Again further details of the data analysis are given in James (2019).
Position Angle.
The position angle was computed from the drift angle of the individual stars across the chip of the camera, the individual positions on each frame having been determined using Reduc. Again further details are given by James (2019).
Measures.
The measures for the 10 Sco objects observed are given in Table 2 . The formal uncertainties in these measures are the uncertainty of the observations of the Sco pairs combined with the uncertainty in the calibration observations of  Cen (for the ). These uncertainties are the Standard Error in the Mean (SEM) of 5 independent observations. Equation 1 was used to calculate the Standard Error in the Mean (SEM) uncertainty of the measures. This equation combines both the uncertainty in the observations and in the calibrator into a single SEM uncertainty. Here N is the number of observations of a particular pair; always N=5 for this paper. M ̅ is the average measure (either PA or ) of the N number of observations. Cal refers to the calibrator i.e.  Cen. is the standard deviation (SD) of the measures of N observations. Appendix 1 presents the  and PA for the 10 Sco pairs. Datapoints as orange squares were deemed to be outliers and rejected based on a subjective assessment of the trend. The green triangle datapoints are the measures from this work (taken from Table 2 ).
Equation 1. The equation used to calculate the standard error in the mean for PA and
= ̅ √( ̅ √ ) 2 + ( √ )
Precession of Position Angles.
All plots in Appendix 1 are for PA (and ) at the epoch and equinox of observation. The correction of the PA to bring them to a standard Equinox (say J2000) have not been applied. This precessional rotation of the frame is defined in Aitken (1935, p. 73) and Argyle (2004) . As all pairs in the study are in close proximity ( 
Uncertainties in Historic Measures.
White, Letchford and Ernest (2018) have shown that the precision of historic observations of double stars has improved with epoch; from ~0.6 arcseconds to ~0.14 arcseconds in  and ~0.74 degree to ~0.5 degree in PA, over our period of interest (~1800 to the present). This trend towards better quality data is also visible here as it is seen that the spread of data points around the trend line converges with increasing time.
Fitted Trend Lines.
Each plot in Appendix 1 has been fitted by an unweighted linear trend line and the fitted parameters are given in Table 3 along with the derived correlation coefficient, R 2 .
For the fit to the separation, , with Epoch plot, the fit is defined as The fitted parameters A, B, C and D are presented in Table 3 along with the fitted correlation co-efficient, R 2 . 
Accuracy of the 10 Sco Measures.
The measures for the 10 Sco pairs in Table 2 were now compared with two external measures (i) the historic measures extrapolated to the epoch of observation, and (ii) the position given in the GAIA DR2 catalogue which was precessed to the epoch of observation.
Using a fitted linear trendline extrapolated from the historic measures from Table 4 .
Comparison of Measures with (i) Extrapolated Historic Data and (ii) GAIA positions and Proper Motions.
The differences between the measures reported here (shown here as This Paper, TP) and those extrapolated from the historic data (shown as Hist) and the GAIA database are given in Table  5 . Here units for differences in  are arcsecond, and degrees in PA respectively. There is excellent agreement between the measures of historic and GAIA values. The mean offset between the data sets (shown as Average =), and its formal uncertainty (shown as SEM =) are all selfconsistent and consistent with the formal uncertainties quoted for the measures in Table 2 . The average SEM in the offset of  is 0.04 arcseconds, and the average SEM in the offset of PA is 0.12 degrees.
This comparison does not extend to WDS 16143-1025. The brightest (primary) component observed in this work is WDS 16143-1025 AB, a very close pair separated by only 0.2 arcseconds. The positions, and proper motions, reported for components AC by both the HIPPAR-COS and GAIA mission are inconsistent and no comparison has been made with the measures reported in Table 2 . 
WDS
Rectilinear Motion.
The motion of the components of a double star may be characterised as a rectilinear motion of the secondary relative to the primary star. Rectilinear motion is usually visualized as a straight line on a Cartesian plot where the primary star is the origin (0,0) position.
Such descriptions are an important tool in distinguishing between optical doubles and physical binaries since it is the variations from linearity that allows a sensitive identification of a Keplerian system.
As stated above, White, Letchford and Ernest (2018) have shown the precision of historic observations of double stars to be ~0.14 arcsec in , and ~0.5 degree in PA, at best, for recent measures, and where the uncertainties for early measures are larger (~0.6 arcsec and ~74 degree). These uncertainties are dwarfed by the precisions of the HIPPARCOS and GAIA spacecraft (milli-arcsecond and micro-arcsecond respectively) and their inclusion in the rectilinear analysis presented here would not contribute to the accuracy of that analysis. The rectilinear analysis there is based only on the HIPPARCOS and GAIA positions and the historic measures are shown in Appendix 2 only for completeness, as are the measures from Table 2 .
The rectilinear plots for the 10 Sco pairs are presented in Appendix 2. Armed with the Rectilinear Elements, it is possible to give an ephemeris for the  and PA. This is gives in Table 7 . Epochs are in the column headings. 
Determination of the Orbit for Two Sco Pairs.
Following the technique presented in Letchford, White and Ernest, 2018b , it is possible to determine Grade 5 Orbital Elements for pairs that display very short arcs. For this analysis all historic data is considered as is the measure from Table 2 .
The orbital elements for two Sco pairs are given in Table 8 and shown graphically in Appendix 3. Column headings in Table 8 Again, armed with these Orbital Elements, it is possible to give an ephemeris for the  and PA. These is gives in Table 9 . Epochs are in the column headings. Units for  are arcseconds and units for PA are degrees. These predictions are in exact agreement with the rectilinear predictions of Table 7 . 
9.
Conclusion.
We presented measures for 10 Pairs in the constellation of Scorpius using a C14 telescope, lucky imaging, drift scans and the Reduc software. The separations of  Cen AB, as determined from the orbital elements of Pourbaix and Boffin (2016) were used as the image scale and position angle calibrator, where PA calibration was undertaken using drift scans.
Our internal uncertainties are ~0.06 arcseconds in  and ~0.06 degree in PA. There is excellent agreement with historic data extrapolated to epoch of observation (~2018.53), and microarcsecond positions from the GAIA database where the differences were ~0.05 arcsecond in  and ~0.15 degrees in PA.
There is excellent agreement between the extrapolated historic observations and these from GAIA.
In addition, we presented rectilinear elements for 10 Sco pairs and Orbital Elements for two of them. Ephemera are given for these pairs based on both the rectilinear elements are the orbital elements.
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